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The asymmetric unit of the title compound, C14H13NO5S, 
contains two independent molecules in which the dihedral 
angles between the aromatic rings are 83.45 (11) and 
86.65 (9)°. In the crystal, the independent molecules are 
connected by N— H- ■ O and O— H- ■ O hydrogen bonds, 
forming a double-chain structure along [401]. A weak ir-jt 
stacking interaction with a centroid-centroid distance of 
3.7509 (13) A and C-H- ■ -O hydrogen bonds are also 
observed. 

Related literature 

For background to the biological activity of sulfonamides, see: 
Hanson et al. (1999). For related structures, see: Mustafa et al. 
(2010, 2011). For bond-length data, see: Allen et al. (1987). 




Data collection 

Bmker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruiser 2007) 
r„i„ = 0.909, r„„,, = 0.931 

Refinement 

R[F^ > 2a{F^)] = 0.044 

wR(F^) = 0.120 

5 = 1.04 

6806 reflections 

394 parameters 

4 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



25188 measured reflections 
6806 independent reflections 
5475 reflections with / > 2a(I) 
R:„, = 0.018 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„ax = 0.45 e A"' 

APmin = -0.30 e A"' 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


Nl-fWl-OS' 


0.84 (2) 


2.31 (2) 


3.122 (2) 


165 (2) 


02-H01- ■ 07" 


0.81 (2) 


1.78 (2) 


2.583 (2) 


172 (2) 


N2-HA'2- ■ -03'" 


0.82 (2) 


2.15 (2) 


2.959 (2) 


173 (2) 


06-H02- ■ 01" 


0.82 (2) 


2.02 (2) 


2.8338 (19) 


173 (2) 


C4-H4- ■ 04 


0.93 


2.54 


3.149 (2) 


123 


C9-H9- ■ 07 


0.93 


2.32 


3.224 (3) 


165 


C13-H13-O10" 


0.93 


2.57 


3.381 (3) 


146 


C14-H14/1- ■ 08" 


0.96 


2.42 


3.370 (3) 


169 


C23-H23- ■ 02 


0.93 


2.52 


3.286 (2) 


140 


C26-H26- ■ 01" 


0.93 


2.57 


3.197 (2) 


125 


Symmetry codes: (i) 
x-l,-}/-l-l, z-1; (v) - 


x-l,y,z; ( 
~x,y-i,-z- 


ii) x-H,- 
1-3; (vi) -x^ 


- V + 1, z + 1; (iii) x - 
hl,v + |, -z + l 


hl,,v, z; (iv) 



OH 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SIR97 (Altomare et al, 1999); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 1997); software used to prepare 
material for publication: WinGX (Farrugia, 1999) and PLATON 
(Spek, 2009). 

The authors are grateful to Mr Shahzad Shrif for his assis- 
tance and the Higher Education Commission (HEC), Paki- 
stan, for financial support under the project to strengthen the 
Materials Chemistry Laboratory at GCUL. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: IS2741). 



Experimental 

Crystal data 

C14H13NO5S 
Mr = 307.32 
Monoclinic, P^i/c 
a = 8.6980 (3) A 
b = 21.7471 (8) A 
c = 14.5824 (6) A 
P = 95.153 (2)° 



V = 2747.21 (18) A^ 
Z = 8 

Mo Ka radiation 
fi = 0.26 mm^' 
r = 296 K 

0.38 X 0.31 X 0.28 mm 
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4-(4-Methoxybenzenesulfonamido)benzoic acid 
L U, Khan, G, Mustafa and M. Akkurt 

Comment 

Sulfonamides are well known for their various types of biological activities (e.g. Hanson et al, 1999). In the present paper, 
the structure of the title compound, (I), is reported. 

As shown in Fig. 1 , the asymmetric unit of the title compound (I) contains two crystallographically independent molecules 
A (with SI) and B (with S2). All the bond lengths (Allen et al, 1987) and angles are within normal ranges and they are 
similar to those of the related molecules (Mustafa et al, 2010, 2011). The dihedral angles between the aromatic rings of (I) 
is 83.45 (11)° for molecule A and 86.65 (9)° for molecule B. 

The crystal packing (Fig. 2, Table 1) is stabilized by C — H - 0, N — H - 0 andO — H - O hydrogen bonds and a weak tt-tt 

interaction between the benzene rings attached with the methoxy group of the symmetry independent molecules [Cg2 - Cg4'^ 
= 3.7509 (13) A; symmetry code: (iv) x-\,-y+ 1/2, z - 1/2; Cg2 and Cg4 are the centroid of the C8-C13 and C22-C27 
benzene rings, respectively]. 

Experimental 

To a mixture of/»-amino benzoic acid (1.0 g, 7.3 mmoles) and distilled water (10 ml) in a round bottomflask (25 ml) \M 
aqueous sodium carbonate solution was added to maintain the pH between 8-9. 4-Methoxy benzenesulfonyl chloride (1.51 
g, 7.3 mmol) was added to this solution and was kept stirred at room temperature for 5 h. pH of the reaction mixture 
was adjusted to 1-2, using 1 N HCl and the precipitates obtained were filtered, washed with distilled water, dried and 
recrystallized from methanol to yield light brown crystals of (I). 

Refinement 

Five reflections giving bad agreements with Fc, viz. (110), (100), (020), (021) and (Oil), were omitted during the final 
cycles of refinement. The H atoms of the NH and OH groups of the two molecules in the asymmetric unit were located 
in a difference map and refined with the distance restraints N — H = 0.86 (2) A and O — H = 0.82 (2) A. Their isotropic 
displacement parameters were set to be 1.2L'eq(N) for NH groups and 1.5(7eq(0) for OH groups. The aromatic and methyl 
H atoms were placed in calculated positions [C — H = 0.93 and 0.96 A], with U{^q constrained to be 1.5 times J/gq of the 
carrier atom for the methyl-H and 1 .2 times U^n for the remaining H atoms. 
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Figures 




Fig. 1. The asymmetric unit of the title compound, showing the labelling of all non-H atoms. 
Displacement ellipsoids for non-H atoms are drawn at the 30% probability level. 



Fig. 2. A packing diagram of the title compound with hydrogen bonds, viewed down a axis. 
Hydrogen atoms that not involved in the hydrogen-bonding (dashed lines) have been omitted 
for clarity. 



4-(4-Methoxybenzenesulfonamido)benzoic acid 



Crystal data 
C14H13NO5S 
M,-= 307.32 
Monoclinic, P2i/c 
Hall symbol: -P 2ybc 
a = 8.6980 (3) A 
6 = 21.7471 (8) A 
c= 14.5824 (6) A 
P = 95.153 (2)° 

F= 2747.21 (18) A^ 
Z=8 



^■(000) = 1280 

Dx= 1-486 Mgm"^ 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 9988 reflections 

6 = 2.4-28.4° 

|i = 0.26 mm ' 
r=296K 
Block, light brown 
0.38 x 0.31 X 0.28 mm 



Data collection 



Bruker APEXII CCD 
diffractometer 

Radiation source: sealed tube 

graphite 

(p and CO scans 

Absorption correction: multi-scan 
(SADABS; Bruker 2007) 
r,„i„ = 0.909, rmax = 0.931 
25188 measured reflections 



6806 independent reflections 

5475 reflections with / > 2a(/) 
i?i„t = 0.018 

Qmax = 28.4°, 6iTiin = 2.8° 

A; = -24^28 
/ = -14^19 



Refinement 



Refinement on F 



Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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Hydrogen site location: inferred irom neighbouring 

sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = \l[o^{F^) + {0.0A99Pf + 1.497P] 

where P = (fo^ + 27^0^3 

(A/a)max = 0.001 

Apmax = 0.45eA"^ 
Apmin = -0.30eA"2 

Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fi'actional coordinates. All su's are estimated from the 
variances of the (full) variance-covariance matrix. The cell e.s.d's are taken into account in the estimation of distances, angles and tor- 
sion angles 

Refinement. Refinement on F for ALL reflections except those flagged by the user for potential systematic errors. Weighted R- 

2 2 
factors wR and all goodnesses of fit S are based on F , conventional iJ-factors R are based on F, with F set to zero for negative F . The 

observed criterion of i^^ > o{F^) is used only for calculating -iJ-factor-obs etc. and is not relevant to the choice of reflections for refine- 
ment, /{-factors based on F^ are statistically about twice as large as those based on F, and /{-factors based on ALL data will be even 
larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


^iso*^^eq 


SI 


-0.24733 (5) 


0.16859 (2) 


0.57376 (4) 


0.0419(1) 


01 


0.53350 (14) 


0.11383 (6) 


0.80744 (9) 


0.0418 (4) 


02 


0.57070 (16) 


0.21434(6) 


0.79480(13) 


0.0606 (5) 


03 


-0.36648 (15) 


0.20947 (6) 


0.53547 (12) 


0.0562 (5) 


04 


-0.28249 (17) 


0.12512 (7) 


0.64187 (11) 


0.0564 (5) 


05 


-0.0035 (3) 


0.02617 (9) 


0.27559 (14) 


0.0870 (8) 


Nl 


-0.11308 (18) 


0.21531 (7) 


0.61562 (13) 


0.0469 (5) 


CI 


0.4873 (2) 


0.16478 (8) 


0.78203 (12) 


0.0373 (5) 


C2 


0.33184(19) 


0.17603 (8) 


0.73538(12) 


0.0349 (5) 


C3 


0.2252 (2) 


0.12892 (8) 


0.72183 (12) 


0.0371 (5) 


C4 


0.0773 (2) 


0.14010(8) 


0.68239(13) 


0.0407 (5) 


C5 


0.03454(19) 


0.19958 (8) 


0.65561 (12) 


0.0361 (5) 


C6 


0.1406 (2) 


0.24698 (8) 


0.66846 (13) 


0.0417 (5) 


C7 


0.2870 (2) 


0.23542 (9) 


0.70806 (14) 


0.0444 (6) 


C8 


-0.1707(2) 


0.12793 (8) 


0.48507 (13) 


0.0396 (5) 


C9 


-0.1128(2) 


0.15868 (9) 


0.41275 (16) 


0.0511 (7) 


CIO 


-0.0545 (3) 


0.12605 (11) 


0.34123 (16) 


0.0567 (7) 


Cll 


-0.0575 (3) 


0.06309 (11) 


0.34217 (17) 


0.0599 (8) 


C12 


-0.1172(4) 


0.03327 (11) 


0.4127 (2) 


0.0762 (10) 


C13 


-0.1732 (3) 


0.06474 (10) 


0.48410 (17) 


0.0612 (8) 


C14 


0.0691 (3) 


0.05350(15) 


0.20391 (19) 


0.0827 (10) 


S2 


0.65408 (5) 


0.38949 (2) 


0.58411 (3) 


0.0410(1) 


06 


-0.15326(16) 


0.40548 (7) 


0.37226(11) 


0.0520 (5) 



R[F^ > 2cj(F^)] = 0.044 
wi?(i^) = 0.120 

5'= 1.04 

6806 reflections 
394 parameters 
4 restraints 



sup-3 



supplementary materials 



yj 1 


r\ 1 ^^^n n\ 
— U.IjjjV (1 /j 


A 1 AIO 1 {n\ 

U.3U3y 1 yl) 


A iHA ^ ^^ /c\ 
U.J /410 (Id) 


A ATA/I /"7\ 

u.u /y4 ( /) 


Uo 


A TOT) /I /l ^\ 

U. /yzz4 (1 Jj 


U.JJJ lo\l) 


A <^ A/1 AO /■! 1 \ 

U.OU4Uo (11) 


U.Ujj / (j) 


KJy 


U.OJOJ4 (1 /J 


A AAA'^fi {n\ 

U.444ZU yl) 


A ClATA 1 1 \ 

U.jjU /U (1 1) 


A ACCA /^C\ 

U.Uj jU (j ) 


Ml 


U.i /zo (zj 


A Az(\nn 
U.4jU 1 1 \ y) 


u.yzzjy (iz) 


U.U /o4 ( /) 






A T/1AAA /"7\ 

U. j4UUU (/J 


A 111 ("l 0\ 

U.jjlll (1^) 


U.U44U (j ) 


Ci J 


A AOOA /'>\ 


U.J jzoy (yj 


u.joyjD (14) 


U.U4j J (j ) 




U.U/4ZZ (lyj 


u.jjjzy (oj 


U.4ZOJO (Iz) 


U.Ujoy ( J ) 


Ci / 


A 1 ^"JA ('y\ 
U.ijJU (zj 


u.4uouy (o ) 


U.4j /oj (1 J ) 


A Ayl 1 0 

u.U4iy (j ) 


i^l Q 




A /I A1Q 1 /"OA 

u.4Ujyi {Q) 


U.4yz /o (14) 


A A/11 C ('/^\ 

U.U4JJ (u) 


i^l Q 


A T0 1 o/^ (\ n\ 
U.ioiyo (lyj 


U.j4/4y j 


A /I nooT ^^ ^\ 
U.4yoo /(II) 


U.Uj4 / ( j) 






U.zy444 \ (S) 


u.4oy / / (1 j) 


u.ujyj (j ) 


i^o 1 


U. 1 JZD (zj 


U.Zy / JO (O J 


A A lACiCi ^^ A\ 

U.4j4yy (14) 


A A/ITA /'C\ 

u.u4zy (j ) 




U.J / J ju (lyj 


U.4U /yo (6 ) 


U.OOO /5 (1 j) 


U.Uj / j (j ) 




U. JOiZ \L) 


U.jozOj (o ) 


ATCITI /'l/l^ 

U. /jl /I (14) 


A A/IIA /'C^ 

U.U4jU (j ) 




u.4yoo yi ) 


U.J /4oy (yj 


U.ojlol (14) 


U.U400 (0) 




A /I /1 1 1 /">\ 

U.443 1 \L) 


A A iim ^^ rw 
U.4jjyz (lUj 


n QAi ^ Q ^^ A\ 
U.54/I0 (14) 


A A/IA/i 

U.U4yo (0 ) 




A /I CO/I (1\ 

U.4Dy4 (3) 


A A OAAT /OA 

u.4ouu / (yj 


u. /ojuy (1 j) 


A AC 1 1 i'n\ 
U.Uj 13 ( /) 


/ 


U.JzJo (Z) 


U.4o/4o (oj 


U. /UzDy (14) 


A f\A A A 

U.U444 (0) 




U.i45y (4) 


U.4UOZD (lo) 


u.yyui (z) 


A 1 AAA /"\ A\ 

U.IUUU (14) 


XJM1 

xlIN i 


A 1 TA 
— U.lZV (3) 


U.zjzo ( /) 


U.oUjj (1j) 


A ACAA* 

U.UjUU^ 


xiUi 


iJ.Oj4 (z) 


A T AC A / 1 1 \ 
\J.1\JJ\J (11) 


A 0 1 AT / 1 ^\ 

u.oiy / (lO) 


U.UojU^ 


Mi 


A /I A 


A AOA1 A 

u.uoyiu 


A TiACA 

u. /jyju 


A A/ICA* 

U.U4DU^ 


ri4 


A AA/COA 


A 1 AO A A 

U.lUoUU 


A iCT^OA 
U.O/JOU 


A A/IAA* 

u.u4yu* 


Mo 


All T7A 

U. llz /(J 


U.ZOO /U 


U.ojUzU 


A ACAA* 

U.UjUU^ 


M/ 




U.zo/oU 


ATI OA 

U. /looU 


A ACTA* 

U.UjjU^ 


My 


All 10A 


A 1A1 Af\ 

U.zU14U 


A /I 1 1 OA 

U.4115U 


A AiCI A* 

U.UolU* 


XJ1 A 

MIU 


A A 1 1 OA 

— U.UlioU 


A 1 /I /;nA 

u. i4oyu 


A 1 AT> A 


A A/iOA* 

U.UooU^ 


Miz 


A 1 TA 1 A 

~U. IzUlU 


A AAOCA 

— u.uuyjU 


U.41ZDU 


A AA 1 A* 

u.uy lu 


Mii 


ATI OOA 


U.U4jjU 


A CQ 1 AA 

u. jjiyu 


A ATIA* 

U.U /jU 


XJ1 A A 

M14A 


A AA/IAA 


A ATOCA 

U.U/ojU 


A 1 iCT/IA 

U. lo/4U 


A 1 1/IA* 

U.lz4U^ 


I I 1 /I D 


A 1 ATAA 
U. lU /VU 


A ATT 1 A 

U.UzzlU 


U. looUU 


A 1 T/1 A* 
U.lZ4U^ 


XJ1 A 
M14C 


A 1 Z.1 1 A 

U. 1 j3 lU 


A ATOTA 

U.U/o /U 


A TTATA 

u.zzyzu 


A 1 T/1 A* 

U.lz4U 


MJNz 


U.J /I (Z) 


u.jU4y (p) 


A a A /I /■ 1 c\ 

U.Jj44 (0) 


A A/1AA* 

u.U4yu* 


MUz 


— U.Z4D (Zj 


u.jyyo (11) 


A COI /I '7\ 
U.JJOJ (1 /) 


A AiCI A* 

U.UolU^ 


XJ1 n 
Mi / 


A 1 ATAA 

U. lUzUU 


r\ A A1 nc\ 
U.44j /U 


A A d AA 

U.4jiyU 


A ACAA* 

U.UjUU^ 


XJ1 o 

Mio 


A izn A(\ 
U.J J /4U 


A A ic\n(\ 
U.43y /U 


A C 1 T AA 

U.jlzUU 


A AOA* 


XJ1A 

MzU 


U.ij4zU 


U.ZDO/U 


A /1T5AA 

u.4/iyu 


A A/ITA* 
U.U4/U^ 


Mzl 


A 1 A1 A 


A OiCI TA 

U.zol /U 


A yl 1 C3 A 

U.4lDiU 


A ACOA* 

U.UjzU* 


Mzi 


A /CAA/1A 
U.DUU4U 


A 1 Tl /I A 

U.iZi4U 


A 1 A 1 OA 

U. /41iU 


A AOA* 

U.UjZU^ 


H24 


0.48740 


0.34410 


0.87520 


0.0560* 


H26 


0.42660 


0.51980 


0.79470 


0.0620* 


H27 


0.53290 


0.49820 


0.65910 


0.0530* 


H28A 


0.28250 


0.37450 


0.96350 


0.1500* 


H28B 


0.30170 


0.42530 


1.04000 


0.1500* 


H28C 


0.44620 


0.38870 


1.01290 


0.1500* 



sup-4 



supplementary materials 



Atomic displacement parameters (A^) 
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(9) 


0.0027 (7) 


A AAAA /n\ 

-0.0009 (7) 


A AA1 A ^'^\ 

—0.0030 (7) 


C4 


0.0392 (9) 


A AT 1 O /OX 

0.0318 (8) 


A A/1 An 

0.0499 


/ 1 A\ 

(10) 


A AAOC fn\ 

—0.0025 (7) 


—0.0032 (7) 


—0.0062 (7) 


C5 


A A"? "iC /'0\ 

0.0335 (8) 


A A'5T5 fC\\ 

0.0373 (9) 


A A"? 

0.0365 


(8) 


A AAOA fn\ 

0.0020 (7) 


A AAOO 

—0.0022 (6) 


A AACA 

—0.0059 (7) 


Co 


A A /I /'A\ 

U.U423 (V) 


A AT 1 '> iO\ 

I). 03 12 (S) 


0.0500 


/ 1 A\ 

(10) 


A AAAA /"7\ 

0.0009 (7) 


A AAO /OX 

— U.UUdz (8) 


A AA'>0 /TX 

U.UU28 (/) 


C7 


A A1 A 1 /A\ 

0.0391 (9) 


A C\'t C A /A\ 

0.0354 (9) 


0.0568 


(11) 


-0.0057 (7) 


A AA /' 1 /0\ 

-0.0061 (8) 


A A A 1 A /0\ 

0.0014 (8) 


Co 


A A"? CC /'0\ 

0.0355 (8) 


A A"? 1 fO\ 

0.0331 (8) 


A A/l O 1 

0.0481 


/"I A\ 

(10) 


A AAAA 

0.0000 (7) 


A AAOO 

—0.0082 (7) 


A AA1 o fn\ 

—0.0018 (7) 


C9 


A f\An/: /"I 1 \ 

0.0476 (11) 


A A'5 O 1 /"I A\ 

0.0381 (10) 


0.0661 


(13) 


A AAAO ^0\ 

—0.0008 (8) 


A AA10 ^C^\ 

—0.0028 (9) 


A AA"? £1 /'A\ 

0.0036 (9) 


CIO 


A A C AA / 1 1 \ 

0.0500 (11) 


A A/'l'^ / 1 A\ 

0.0632 (14) 


0.0565 


(13) 


A AA 1 A /^ A\ 

0.0019 (10) 


0.0026 (9) 


A AA A /' / 1 1 \ 

0.0046 (11) 


Cll 


0.0631 (13) 


0.0512 (12) 


0.0633 


(14) 


A A1 Al /I A\ 

0.0103 (10) 


A AACC /I 1 \ 

-0.0055 (11) 


A A1AC 

-0.0105 (11) 


C12 


A 1 1 /'^\ 

0.112 (2) 


A AOOA /I 

0.0380 (12) 


A AOAA 

0.0800 


(18) 


A AAC7 /I OX 

0.0057 (13) 


A A 1 ^1 / 1 ^\ 

0.0163 (16) 


A AAO O / 1 1 \ 

-0.0088 (11) 


C13 


A A o -n /I 

U.U54Z (lo) 


A AT CI /I (W 


0.0653 


(14) 


A AA 11 /I r\\ 

U.UU13 (lU) 


AAIIT/ITX 

U.Ull / (12) 


A AA 1 O / 1 AX 

0.0018 (10) 


C14 


0.0737 (17) 


A 1 A O 

0.108 (2) 


0.0657 


(17) 


A A1 /' C /I 1 \ 

0.0365 (17) 


A AA'^/' /I 1\ 

0.0026 (13) 


A A1AO /l/'X 

-0.0108 (16) 


S2 


0.0325 (2) 


A AT C C /'^X 

0.0355 (2) 


0.0537 


(3) 


A AAAA 

-0.0009 (2) 


A AA1 C /''\\ 

-0.0035 (2) 


A AACA /'^X 

-0.0059 (2) 


06 


A AT /'7\ 

0.0353 (7) 


0.0463 (8) 


0.0725 


(10) 


A AA^t /£\ 

0.0065 (6) 


A AAtI ^£\ 

-0.0051 (6) 


A AAAC /TX 

0.0095 (7) 


07 


A A /I AC /O X 

U.U4tJD (o) 


A A /I T O /'0\ 

0.1)438 (8) 


0.1466 


(18) 


A AA C A i' £i\ 

-I). 1)1)34 (o) 


A A1 1 T /AX 

-U.U31 / (y) 


A A 1 C C / 1 AX 


08 


A A1 1 / /'\ 

0.0321 (6) 


A ACAA /OA 

0.0509 (8) 


0.0756 


(10) 


A AA1 C //'\ 

0.0035 (6) 


A A A O 1 /'\ 

-0.0081 (6) 


A A 1 C 1 /^X 

-0.0153 (7) 


09 


0.0607 (9) 


A A/I 1 T /OX 

0.0432 (8) 


A AiCO 1 

0.0621 


(9) 


A AA A O 

—0.0048 (7) 


A A1 1 1 /TX 

0.0111 (7) 


A AA1 A 

0.0019 (7) 


OlO 


A 1 A 1 /I /l\ 

0.1012 (14) 


A AT T7 / 1 1 \ 

0.0737 (11) 


0.0574 


(10) 


A AlAt /I A\ 

0.0305 (10) 


A A'^ Ai\ /C\\ 

0.0240 (9) 


A A 1 O /AX 

0.0128 (9) 


N2 


A Al C/C /OX 

0.0356 (8) 


A AT T 1 /'0\ 

U.U331 (8) 


A A/CAI 

0.0602 


/ 1 A\ 

(10) 


A AA/C/1 //CX 

0.0064 (6) 


A A 1 T A /TX 

-0.0130 (7) 


A A 1 AT /n\ 

-0.0107 (7) 


C15 


0.0335 (8) 


A A 1 A /A \ 

0.0392 (9) 


0.0564 


(11) 


A AA'^A /T\ 

0.0020 (7) 


A AAAT /0\ 

-0.0007 (8) 


A AAOC /OX 

0.0085 (8) 


Clo 


A A"? 1 A ^o\ 

0.0310 (8) 


A A'5 O A fC\\ 

0.0389 (9) 


A A/IA"? 

0.0403 


(9) 


A AAOA 

0.0020 (7) 


A AAA/1 fn\ 

0.0004 (7) 


0.0061 (7) 


C17 


0.0392 (9) 


0.0365 (9) 


A A/1 OA 

0.0489 


/I A\ 

(10) 


A AAO 1 /"TX 

0.0081 (7) 


A AAn ^o\ 

—0.0027 (8) 


A AA1 1 ^o\ 

—0.0012 (8) 


C18 


A A yl 1 A /A\ 

0.0419 (9) 


A A1 1 1 /C\\ 

0.0331 (9) 


0.0532 


(11) 


A AA10 

0.0028 (7) 


A AAT? /0\ 

-0.0077 (8) 


A AA/'A /OX 

-0.0069 (8) 


C19 


A Al 1 A /0\ 

0.0319 (8) 


A A 1 T C (f\ \ 

0.0375 (9) 


A Alio 

0.0338 


(8) 


A AA 1 A / r \ 

0.0014 (6) 


A AA'^A //'\ 

-0.0020 (6) 


A AA'^A /^X 

-0.0020 (7) 


C20 


0.0347 (8) 


0.0300 (8) 


0.0527 


(10) 


0.0043 (6) 


-0.0024 (7) 


0.0009 (7) 


C21 


0.0345 (8) 


0.0345 (9) 


0.0583 


(11) 


-0.0032 (7) 


-0.0043 (8) 


0.0023 (8) 


C22 


0.0338 (8) 


0.0303 (8) 


0.0464 


(10) 


-0.0015(6) 


-0.0078 (7) 


-0.0021 (7) 


C23 


0.0412 (9) 


0.0286 (8) 


0.0571 


(11) 


0.0022 (7) 


-0.0072 (8) 


0.0017(8) 


C24 


0.0454(10) 


0.0399(10) 


0.0534 


(11) 


0.0013 (8) 


-0.0046 (8) 


0.0109 (8) 


C25 


0.0498 (11) 


0.0488 (11) 


0.0490 


(11) 


0.0076 (9) 


-0.0020 (9) 


0.0021 (9) 


C26 


0.0661 (13) 


0.0323 (9) 


0.0548 


(12) 


0.0104(9) 


0.0021 (10) 


-0.0009 (8) 


C27 


0.0541 (11) 


0.0288 (8) 


0.0494 


(11) 


0.0010 (7) 


-0.0010 (8) 


0.0017 (7) 


C28 


0.110(2) 


0.119(3) 


0.0770 


(19) 


0.058 (2) 


0.0408 (18) 


0.0445 (19) 
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Geometric parameters (A, °) 




SI— 03 


1.4395 (15) 


SI— 04 


1.4242 (16) 


SI— Nl 


1.6249 (17) 


SI— C8 


1.7475 (19) 


S2— 08 


1.4385 (15) 


S2— 09 


1.4245 (16) 


S2— N2 


1.6279 (17) 


S2— C22 


1.7476 (19) 


01— CI 


1.225 (2) 


02— CI 


1.303 (2) 


05— Cll 


1.375 (3) 


05— C14 


1.401 (4) 


02— HOI 


0.807 (19) 


06— C15 


1.295 (2) 


07— CI 5 


1.223 (2) 


OlO— C25 


1.356 (3) 


OlO— C28 


1.409 (4) 


06— H02 


0.815(18) 


Nl— C5 


1.404(2) 


Nl— HNl 


0.839 (16) 


N2— C19 


1.398 (2) 


N2— HN2 


0.818(18) 


CI— C2 


1.478 (2) 


C2— C7 


1.397 (3) 


C2— C3 


1.384(2) 


C3— C4 


1.383 (2) 


C4— C5 


1.392 (2) 


C5— C6 


1.385 (2) 


C6— C7 


1.373 (3) 


C8— C9 


1.382 (3) 


C8— C13 


1.374 (3) 


C9 — CIO 


1.394 (3) 


CIO— Cll 


1.370 (3) 


Cll — C12 


1.358 (4) 


C12— C13 


1.371 (4) 


03— SI— 04 


119.23(9) 


03— SI— Nl 


103.16(8) 


03— SI— C8 


109.55 (10) 


04— SI— Nl 


110.19 (10) 


04— SI— C8 


107.48 (9) 


Nl— SI— C8 


106.58 (9) 


09— S2— N2 


109.83 (9) 


09— S2— C22 


107.95 (9) 


N2— S2— C22 


106.44 (8) 


08— S2— C22 


109.55 (9) 


08— S2— 09 


119.89(9) 



C3 — H3 


0.9300 


C4 — H4 


0.9300 


C6 — H6 


0.9300 


C7 — H7 


0.9300 


C9 — H9 


0.9300 


CIO — HIO 


0.9300 


C12— H12 


0.9300 


C13— H13 


0.9300 


C14— H14A 


0.9600 


C14 — HUB 


0.9600 


C14 — H14C 


0.9600 


C15 — C16 


1.474 (2) 


C16 — C21 


1.390 (2) 


C16 — C17 


1.385 (2) 


C17 — C18 


1.381 (3) 


C18 — C19 


1.393 (2) 


C19 — C20 


1.386 (2) 


C20 — C21 


1.368 (3) 


C22 — C27 


1.395 (2) 


C22 — C23 


1.378 (3) 


C23 — C24 


1.376 (3) 


C24 — C25 


1.391 (3) 


C25 — C26 


1.387 (3) 


C26 — C27 


1.373 (3) 


C17 — H17 


0.9300 


C18 — H18 


0.9300 


C20— H20 


0.9300 


C21— H21 


0.9300 


C23— H23 


0.9300 


C24— H24 


0.9300 


C26— H26 


0.9300 


C27— H27 


0.9300 


C28— H28A 


0.9600 


C28— H28B 


0.9600 


C28— H28C 


0.9600 


Cll — CIO — HIO 


120.00 


Cll — C12 — ^H12 


119.00 


r^T^ r'lo 




C12— C13— H13 


120.00 


C8— CI 3— HI 3 


120.00 


H14A— C14— H14C 


109.00 


H14B— C14— H14C 


109.00 


05— C14— H14A 


109.00 


H14A— C14— H14B 


109.00 


05— C14— H14B 


109.00 


05— C14— H14C 


110.00 
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i^Q o Tvn 

Do — o2 — JNZ 


1 m 1 o /OA 
lUZ.io (o) 


Uo — CID — U/ 


1 oo c A /I n\ 
Lll.jy (1 /) 


CI i — Uj — C 14 


1 1 n A {'^\ 

uy.u (zj 


Uo — C 1 D — C 1 0 


I 1 T f\A ^\ 

II /.U4 (lo) 


CI — Uz — ^riUl 


1 AO O / 1 '7\ 

lUo.o (1 /J 


U/ — ClD — ClO 


IzU.i / (1 /) 


/^OO 


1 1 A 1 

iiy.i (zj 


ClD — ClO — Czl 


I 1 T TO /I ii\ 

II /. 11 (lo) 


CI J — Oo — HUz 


1 AO A /"I 'TA 

lUo.4 (1 /) 


C 1 D — C 1 0 — C 1 / 


1 Ol Ol /I /C\ 

IZi.oi (lo) 


— JN 1 — CD 


1 T7 1 A / 1 ^\ 

Iz /.lU (li j 


CI / — CIO — Czl 


1 1 O A A /I 

1 10.44 (lo) 


/^C M 1 XJM 1 

Cj — JN i — ^rilN i 


1 1 iC o /I ^^ 
llo.o (1 /J 


/^liC r^\n /^io 
ClO — CI / — Clo 


1 o 1 o /I 
Izl.zi (lo) 




lie 1 (\n\ 
llD.l (,1 /J 


C^^-xn i^lO /^10 

CI / — Clo — ciy 


liy. iD (lo) 


CI ATI 1 n 

— JN z — c 1 y 


IZo. /o (lij 


1 O 1 A /^OA 

c 1 o — c 1 y — czu 


1 1 A HA l"\ /C\ 

1 ly. /4 (lo) 


Ciy — JNz — JrlJNz 


11 /.4 (lij 


IVTO 1 A 1 O 

JNz — Ciy — Clo 


1 O/l OO /'I /i\ 

lz4.Z / (lo) 


bz — JNz — rlJNz 


111 C /I 

Uz.D (li) 


XTO 1 A /^O A 

JNz — Ciy — CzU 


lie AO /I C\ 

llD.y© (ID) 


(Jl— CI — (Jz 


1 T1 OA /■ 1 /i\ 

iZZ.oU (Id) 


/"^ 1 A r~'OA r~"o 1 

c 1 y — CzU— Cz 1 


1 OA ( 1 C\ 

IzU.Uo (lo) 


Ul — CI — CZ 


123.41 (Id) 


^^^£. /""Oi r~'">A 
C 1 0 — Cz 1 — CzU 


1 O 1 1 O / 1 £.\ 

Izl.lo (lo) 


(JZ — CI — Cz 


111 TO {^ z.\ 

Hi. /o (Id) 


b z — Cz z — Cz i 


1 1 O AA ( ^ A\ 

uo.yy (14) 


r^i 

Ci — Cz — C / 


llo.Dl (lo) 


k>z — Czz — Cz / 


1 OA o/; A\ 
IzU. /O (14) 


/^"i r^n 
CI — Cz — C/ 


lzU.il (Id) 


r^'-yi i^oo r^'-yn 
Czi — Czz — Cz / 


1 OA '> A /I 0\ 

[Z\).Z4 (1 /) 


r^'^ r^i 
Ci — Cz — CJ 


1 T 1 11 /I 

Izl.l 1 (lo) 


i^oo r^'^A 
Czz — Czi — Cz4 


1 OA /I OA 

IzU.oD (1 /) 


/^"i r^i r^A 
Cz — Ci — C4 


111 (\A /I ti\ 

lzl.U4 (lo) 


/^T3 /^O/l /^OC 

Czi — Cz4 — CzD 


1 1 A O 1 /I 0\ 

lly.zl (lo) 


/^"i /^c 
Ci — C4 — CD 


iiy.oo (lo) 


U 1 U — CzD — Czo 


lie CO /I A\ 

llD.Do (ly) 


"\T1 /"'C /"'/C 

JN 1 — CD — Co 


1 1 /O /I c\ 

1 lo.oz (Id) 


/~\1A /^OC /^O/l 

U 1 U — CzD — Cz4 


1 0/1 OA /I A\ 

iz4.zu (ly) 


JN 1 — CD — C4 


1 £ /I 

Izi.oo (lo) 


/^OC f^'^C 

Cz4 — CzD — Czo 


1 OA oo /I A\ 

izu.zz (ly) 


r^A r^z r^c 
C4 — CD — Co 


1 1 A TO /I 

iiy. /Z (lo) 


/^OC /^OiC /^T7 

CzD — Czo — Cz / 


1 OA "3 0 /I 0\ 

IzU.io (lo) 


r^z r^c t^n 
CD — Co — C / 


IzU.li (1 /) 


/^OO /^T7 /^OiC 

Czz — Cz / — Czo 


1 1 A OC /I 0\ 

iiy.zD (lo) 


f~^n r^c 
Cz — C / — Co 


1 TA AT / 1 '7\ 

izU.vz (1 /) 


TuiT 

Clo — CI / — rll / 


1 1 A AA 

1 ly.uu 


CV — Co — C 1 i 


1 1 O O/i /'I A\ 

iio.oo (ly) 


/^io ^^^^ tlji'7 
Clo — CI / — HI / 


1 1 A AA 

uy.uu 


— Co — Cli 


1 1A /I C /I 

lzU.4D (lo) 


r^'Kn /^i o XJ1 o 
CI / — Clo — Hlo 


1 OA AA 

IzU.UU 


bi — Co — cy 


1 OA £1 /■ 1 /I \ 

IzU.oi (14) 


/^1A Q TUIO 

c 1 y — C 1 o — H 1 o 


1 OA AA 


/^o /^n c\ 

Co — cy — C 1 U 


1 OA A Q { ^ A\ 

1ZU.4D (ly) 


1 A /^OA TUOA 

c 1 y — CzU — HZU 


1 OA AA 

IzU.UU 


CV — ClU — Cll 


1 1 A C /">\ 

uy.D (z) 


Cz 1 — CzU — HzU 


1 OA AA 


UD — C 1 1 — CI U 


lz4. / (Z) 


Clo — Czl — Hzl 


1 1 A AA 

iiy.uu 


/^ii 

ClU — Cll — ClZ 


1 1 A /">\ 

1 ly.o (z) 


/^OA /^Ol U0 1 

CzU — Cz 1 — Hz 1 


1 1 A AA 

1 ly.uu 


(JD — Cll — Clz 


1 1 C T /TA 
UD. / (Z) 


/"'oo LJO'3 
Czz — Czi — Hzi 


1 OA AA 

LZyj.yjyj 


Cll — Clz — Cli 


111 C 

IZl.D (Z) 


/^O/l /^0'3 XJO'5 

Cz4 — Czi — Hzi 


1 OA AA 

IzU.UU 


Co — C 1 i — C 1 z 


1 1A A 

IzU.U (z) 


/^Ol /^O/l XJO/I 

Czi — Cz4 — Hz4 


1 OA AA 
IZV.VV 


/^"J U'J 

C4 — Ci — Hi 


1 1 A AA 

1 ly.uu 


i^OC /^0/1 UO/I 

CzD — Cz4 — Hz4 


1 OA AA 

IzU.UU 


/"'T f~^'y LJI 

Cz — Ci — Mi 


1 1A A A 


/"'OC f^'^C LJO/i 

CzD — Czo — Hzo 


1 OA AA 


/^"i /^/i xj/1 
Ci — C4 — M4 


1 1A A A 


/^OT /^OiC XJOiC 

Cz / — Czo — Hzo 


1 OA AA 

IzU.UU 


/^c r^A xj/i 
CD — C4 — xi4 


lOA A A 


/^OO /^OT XJOT 

Czz — Cz / — Hz / 


1 OA AA 

IzU.UU 


i^/C U/C 

C / — Co — hlo 


1 OA A A 


/^O/i /^OO TLJO'7 

Czo — Cz / — Hz / 


1 OA AA 


V-'J — v-^o no 




OlO P7R H7RA 


1 OQ 00 


C2 — C7 — H7 


120.00 


OlO — C28 — H28B 


109.00 


C6 — C7 — H7 


120.00 


OlO — C28 — H28C 


110.00 


CIO — C9 — H9 


120.00 


H28A — C28 — H28B 


110.00 


rs — C9 — H9 

v^^j v^-^ 


120.00 


H2 8 A — C2 8 — H2 8C 


109.00 


C9— CIO— HIO 


120.00 


H28B— C28— H28C 


109.00 


03— SI— Nl— C5 


-175.24 (17) 


Nl— C5— C6— C7 


179.32(18) 


04— SI— Nl— C5 


56.43 (19) 


C4— C5— C6— C7 


-0.5 (3) 


C8— SI— Nl— C5 


-59.89 (19) 


C5— C6— C7— C2 


0.4(3) 


Nl— SI— C8— C9 


-56.08(18) 


SI— C8— C9— CIO 


-178.76 (17) 
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vi — b 1 — Co — cy 


C/1 on /" 1 '7\ 
j4.oy (1 /) 


c 1 J — Co — cy — c 1 u 


1 /; 
-1.6 (3) 


U4 — a I — Co — cy 


^ n A TA / 1 c\ 
— 1 /4.zU (IDJ 


b 1 — Co — C 1 J — C 1 z 


1 no A *">\ 
1 /o.U (zj 


JN 1 — 5> 1 — L.0 — L. 1 i 


Izo./ / (io) 


Cy — Co — Cli — Clz 


0.1 (4) 


U J — b i — Co — C i i 


Izz.z / (ioj 


Co — cy — ciu — cii 


1 0 /"2^ 
1.2 (3) 


CI r^Q ^^^^ 
OA 5 1 — Co — C 1 i 


8.7 (2) 


cy — c 1 u — c 1 1 — (J J 


1 OA A /'0\ 

loU.U (z) 


Uo — oZ — Czz — Czj 


— 40.UU (,1 / J 


r^Q ^^^f\ r^ii r^io 

cy — c 1 u — c 1 1 — c 1 z 


A A /A\ 
U.U (4j 


Uo — oZ — Czz — Cz / 


1 "2/1 Qrt /"I <^ 
134. yu {Id ) 


r^^fi /^n /^i'2 
CIU — Cll — Clz — C13 


U.o (jj 


Uy — az — Czz — Czj 


1 HQ 1 /I /"I y1^ 

— i /0.14 (14J 


r\< /^T2 
U J — C 1 1 — C Iz — C 1 J 


1 OQ 0 /"2^ 

1 /y.z (i J 


JNz — sz — Czz — Cz3 


o4. UU (lo) 


Cll — Clz — Cli — Co 


0.5 (4) 


/"'OO CO MO 1 n 
Czz — az — JN z — C 1 y 


1 A / 1 0\ 

ol.oU (lo) 


U / — C 1 J — C 1 0 — C 1 / 


—1 /z.U (zj 


/^n CO /~^oo /^oo 
(jy — S>Z — Czz — Cz / 


z. /o (1 /) 


Uo — C 1 J — C 1 0 — C 1 / 


O A /'2\ 

8.0 (3) 


MO CO r^oo /^oo 
JNz — — Czz — Cz / 


lie 1 A /I C\ 

— 11 j.iu (Id) 


(JO — C 1 J — C 1 0 — Cz 1 


-1 /U.y4 (loj 


/^n CO XTO 1 n 

uy — az — JN z — c 1 y 


ce A 1 /■ 1 n\ 
— JJ.Ul (Iv) 


(J / — C 1 J — C 1 0 — Cz 1 


A A ^1\ 

9.0 (3) 


/~vo CO MO 1 n 
(Jo — aZ — JN z — C 1 y 


1 /O.JO (lo) 


Czl — Clo — CI / — Clo 


A 1 

-0.1 (3) 


C14 — UD — CI 1 — ClU 


4.3 (4) 


/^n i^oi c^'^cx 
CI / — Clo — Czl — CzU 


0.4 (3) 


CI 4 — Uj — CI 1 — Clz 


—1 / J.O (J) 


C 1 J — C 1 0 — C 1 / — C 1 o 


1 TA A 1 /I 0\ 

-1 /y.ui (loj 


Czo — U lU — CzD — Cz4 


1 A 

-1.0(3) 


C 1 J — C 1 0 — Cz 1 — CzU 


1 TA 1/^/1 0\ 

1 /y.io (lo) 


/^oo /~\1A /"'oc r^^a 
L.Z 0 — (J 1 U — CzD — Czo 


I/O. / (ZJ 


/^liC /^n /^io ^^^c^ 

Clo — CI / — Clo — ciy 


-0.2 (3) 


CI Ml /"^^ r^/i 
bi — JN i — CD — C4 


-13.7 (3) 


i^n i^iQ i^io r^'^fx 
C 1 / — C 1 o — C 1 y — CzU 


0.1 (3) 


c 1 "\Ti r^z /^/c 
Si — JN 1 — Cj — Co 


loo. JO ( 1 j) 


f~^\n /^io /^in ATI 
CI / — Clo — Ciy — JNz 


1 /O.JJ ( 1 /) 


CO MO 1 O /^OA 

oZ — JN z — C 1 y — Czl) 


— loy. /o (,i4j 


/^io r^TA /^Ti 
JN Z — C 1 y — CztJ — Cz 1 


1 TO 1Q 
— L /o.JO (1 /j 


CO XTO /^1A O 

S>z — JN z — C 1 y — C 1 0 


1 1 T 

11.7 (3) 


C 1 0 — C 1 y — CzU — Cz 1 


A O /'2\ 

0.2 (3) 


r\1 /^o /^O 
U i — C 1 — Cz — C / 


1 nf\ OA /I T^ 

—1 /y.o4 (1 /J 


/^lo r^^(\ f^A^i 

c 1 y — CzU — Cz 1 — c 1 o 


-0.4 (3) 


/~VO 1 /^O /"'O 

Oz — C 1 — Cz — C J 


—1 /J.OJ (1 /) 


oz — Czz — Cz / — Czo 


1 TO CA /I /C\ 

1 /o.jU (lo) 


VZ — C 1 — Cz — C / 


1.0(3) 


/^Tl /^T7 f^'^£. 

Czj — Czz — Cz / — Czo 


—U.O ( J ) 


/^O /^"I 

Ul — CI — Cz — Ci 


3.4 (3) 


CO /^OO /^0'2 /^O/l 

t) z — Czz — Cz J — Cz4 


1 TT CI /I /l\ 
— 1 / /.jl (14) 


r^o /^"7 /^/; 
C j — Cz — C / — Co 


A 1 /"3\ 

-0.1 (3) 


/^T7 r^oi r^o/i 
Cz / — Czz — Czj — Cz4 


1.6 (3) 


/"'I /^O /^T /"'/I 

CI — Cz — Ci — C4 


IT/; TA / 1 n\ 

176.70 (17) 


/^TT /"'TT /"'T/l /"'TC 

Czz — Cz3 — Cz4 — Czj 


-0.7 (3) 


C7— C2— C3— C4 


-0.2 (3) 


C23— C24— C25— C26 


-1.1 (3) 


CI— C2— C7— C6 


-177.01 (17) 


C23— C25— OlO 


178.56(18) 


C2— C3— C4— C5 


0.1 (3) 


OlO— C25— C26— C27 


-177.6(2) 


C3— C4— C5— C6 


0.2 (3) 


C24— C25— C26— C27 


2.2 (3) 


C3— C4— C5— Nl 


-179.58(17) 


C25— C26— C27— C22 


-1.3 (3) 



Hydrogen-bond geometry (A, °) 



D—R-A 


D— H 




D-A 


D—R-A 


Nl— HNl-08' 


0.84 (2) 


2.31 (2) 


3.122 (2) 


165 (2) 


02— HOl-07" 


0.81 (2) 


1.78(2) 


2.583 (2) 


172 (2) 


N2— HN2-03'" 


0.82 (2) 


2.15(2) 


2.959 (2) 


173.(2) 


06— H02-01''' 


0.82 (2) 


2.02 (2) 


2.8338 (19) 


173 (2) 


C4 — H4-04 


0.93 


2.54 


3.149 (2) 


123 


C7— H7-02 


0.93 


2.39 


2.709 (2) 


100 


C9— H9- -07 


0.93 


2.32 


3.224 (3) 


165 


C13— H13 -04 


0.93 


2.51 


2.883 (3) 


105 


C13— H13 -OlO" 


0.93 


2.57 


3.381 (3) 


146 


C14— H14A-08" 


0.96 


2.42 


3.370 (3) 


169 


C23— H23-02 


0.93 


2.52 


3.286 (2) 


140 
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supplementary materials 



C26— H26-Or 0.93 2.57 3.197(2) 125 

C27— H27-09 0.93 2.54 2.905 (3) 104 

Symmetry codes: (i) x-l,y, z; (ii) x+l, -y+l/2, z+1/2; (iii) x+l,y, z; (iv) x-l, -y+l/2, z-1/2; (v) -x,y-l/2, -z+3/2; (vi) -x+l,y+l/2, 

-z+3/2. 
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